Introduction {#sec1-1}
============

Total knee arthroplasty (TKA) is one of the most common major surgical procedures being performed.[@ref1][@ref2][@ref3] Socioeconomic growth in developing countries has made the TKA accessible to a very large population of patients with arthritis. There has been a steady rise in the need for RTKA due to increasing longevity and expanding indications of primary TKA.[@ref4][@ref5][@ref6] Compared to primary TKA procedures, revision TKA (RTKA) surgery is skill, infrastructure, and cost intensive. Management of septic revisions costs considerably more than that of aseptic revisions. Developed Western countries have already recognized the socioeconomic burden of revision arthroplasty,[@ref2][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9] whereas developing countries have just realized its impact. According to the recent literature (2011--2015) from developed Western countries, aseptic loosening, instability, and prosthetic infection, in that order, remain the predominant causes of knee revisions.[@ref10][@ref11][@ref12][@ref13] Limited epidemiological data exist from developing countries till date.[@ref14][@ref15][@ref16][@ref17][@ref18] Presumably, they may have similar revision arthroplasty workload in the near future. Developing countries differ from the developed Western countries in many aspects. They have a distinctly different patient profile in terms of age, morphology, disease severity, and lifestyle. Quality of the primary arthroplasty care available to the patients also differs from that of the developed Western countries. Prevalence of severe deformities, poor bone stock, and rheumatoid disease increases surgical difficulties and impairs the success and longevity of the primary TKA procedures. Concurrently, use of modern implants with wear-resistant bearing surfaces in patients with limited activity levels may have a positive impact on the longevity of arthroplasties in developing countries. In the absence of comprehensive joint registries or large institutional databases, envisaging the volume and type of revision arthroplasty workload that developing countries are likely to experience in the near future is difficult.

The objective of the present study was to study the epidemiology of the RTKA procedures performed at a single, state-sponsored, tertiary-care joint replacement facility in India, for determining the volume and causes of failure, particularly, in terms of time-to-failure from the index surgery. Such analyses would assist surgeons and hospitals in effecting optimum clinical care guidelines and protocols in developing countries. The state could also use the data for planning health-care resources for optimum care delivery to patients.

Materials and Methods {#sec1-2}
=====================

Data source {#sec2-1}
-----------

The present study was conducted at an exclusive arthroplasty center co-located with a tertiary-care research and referral military hospital, which is a state-sponsored facility providing free medicare to patients referred from across country. Since its inception in 1997, there has been a gradual increase in the volume of primary TKA procedures performed. The center has maintained all patient records till date. Due to a substantial increase in primary arthroplasty procedures and a parallel rise in revision surgical procedures, the center automated its joint registry in 2011. After obtaining the approval of the institutional review board, we examined the data of all RTKA procedures performed between January 1, 2011 and December 31, 2016. With the assistance of operating surgeons, VK and BD, the research fellow completed questionnaires related to the causes of failure including intraoperative findings. We also recorded microbiological data in cases of septic revisions.

Variables {#sec2-2}
---------

We considered the burden of revision as a proportion of the total arthroplasty workload. We recorded patient demographics, causes of failures, and time-to-failure from the index surgery. Furthermore, we determined whether the index TKA procedure was performed at our Institute or elsewhere. In septic revision cases diagnosed based on Musculoskeletal Infection Society (MSIS)[@ref19] criteria including knee aspiration, the microbiology reports were reviewed to determine the type of offending organism and antibiotic sensitivity pattern. We evaluated the clinical course of revisions for 6 years (2011--2016) with respect to their index procedure.

Statistics {#sec2-3}
----------

Statistical analysis was performed with Stata Version 12 (Stata Corp LP, Texas, USA). We reviewed the patient demographic data including age, sex, body mass index (BMI), comorbidities and American Society of Anaesthesiologist (ASA) score in the primary TKA versus RTKA group in terms of mean, mode, and standard deviation if it was a continuous variable and rate if it was a dichotomous data. We then compared the failure rates as per cause and time to failure (Early \<2 years from index procedure; midterm 2--10 years; and late \>10 years). We also analyzed the trend over time (2011--2016).

Results {#sec1-3}
=======

A total of 5068 TKA procedures were performed from January 2011 to December 2016, of which 201 (4%) were first-time revisions. Most of them (60%) underwent primary TKA procedures at other hospitals. The average age of patients undergoing revisions was 64.7 years (range 26--86 years). Revisions were performed for 175 posterior-stabilized knees, 8 cruciate-retaining knees, 16 primary constrained knees, and 2 unicondylar knees.

The yearly trend of first-time RTKA accounted for 2%--7% of the total procedures \[[Figure 1](#F1){ref-type="fig"}\]. Early (\<2 years from index procedure) failures accounted for almost half (48%) of the cases; midterm (2--10 years) and late (\>10 years) failures were observed in 30% and 22% of cases, respectively. Infection was the cause of failure in 61% (*n* = 123) followed by aseptic loosening and instability \[[Figure 2](#F2){ref-type="fig"}\]. Besides, we also evaluated the temporal profile of the causes of failure, and infection remained the main cause of early, midterm, and late-failure groups. Aseptic loosening was mainly observed in midterm and late-failure groups, whereas instability was the predominant cause of failure in the early-failure group after prosthetic infection; however, some cases of instability were also observed in the midterm and late-failure groups \[[Figure 3](#F3){ref-type="fig"}\]. Age distribution of patients undergoing RTKA was similar to those undergoing primary TKA procedures and \>60% of patients were aged 50--70 years. Functional comorbidity index, which indicates the number of comorbidities in a patient, was similar in both RTKA and primary TKA groups, with most patients having ≤2 comorbidities (90%). However, according to the ASA score, the anesthetic risk was assessed as Grade III (high risk) in 23% of revision cases and 11% of primary cases. 336 patients in primary TKA group (28%) and 356 patients in RTKA group (30%) were obese (BMI \>30). In 53% of the septic revision cases (diagnosed preoperatively based on MSIS criteria), the offending organisms could not be cultured. Of the 47% positive cultures, 67% were Gram-negative infections and 33% were Gram-positive infections \[[Table 1](#T1){ref-type="table"}\]. The temporal profile of these infections indicated a steady rise in delayed and late infections, and most of these infections were due to Gram-negative fastidious organisms that could not be cultured \[[Figure 4](#F4){ref-type="fig"}\]. Very few Gram-positive staphylococcal infections were noticed.

![Revision total knee arthroplasty workload over 5 years at our institute (2011--2016)](IJOrtho-53-282-g001){#F1}

![Causes of revision total knee arthroplasty](IJOrtho-53-282-g002){#F2}

![Causes of revision as per temporal profile (early, delayed and late failures)](IJOrtho-53-282-g003){#F3}

###### 

Microbiological studies of infected total knee replacements (culture report and antibiotic sensitivity of organism grown)

  Culture result                   (*n*)                                                                                                                       
  -------------------------------- --------------------------- ----------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------
  Culture negative                 65                                                                                                                          
  Culture positive                 58                                                                                                                          
                                                                                                                                                               
  **Organism type**                **Organism**                **(*n*)**                                                                                       **Antibiotic sensitivity**
                                                                                                                                                               
  Gram positive                    *Staphylococcus aureus*     9                                                                                               Clindamycin, linezolid, vancomycin, trimethoprim/sulfamethoxaxole, rifampicin
  *Staphylococcus haemolyticus*    5                           Linezolid, teicoplanin, vancomycin, trimethoprim/sulfamethoxazole                               
  *Staphylococcus epidermidis*     4                           Gentamicin, tigecycline, nitrofurantoin, rifampicin                                             
  *Staphylococcus hominis*         1                           Gentamicin, tigecycline, nitrofurantoin, rifampicin                                             
                                   19                                                                                                                          
  Gram negative                    *Acinetobacter baumannii*   4                                                                                               
  *Escherichia coli*               5                           Amikacin, piperacillin, meropenem                                                               
  *Burkholderia cepacia*           11                          Ceftazidime, meropenem, minocycline, septran                                                    
  *Stenotrophomonas maltophilia*   1                           Trimethoprim/sulfamethoxazole                                                                   
  *Klebsiella oxytoca*             1                           Ampicillin, piperacillin/tazobactam, ceftriaxone, cefepime, imipenem, amikacin, ciprofloxacin   
  *Pseudomonas aeruginosa*         7                           Imipenem, meropenem, amikacin, gentamicin, tobramycin, ciprofloxacin, moxifloxacin              
  *Enterobacter aerogenes*         3                           Ertapenem, meropenem, amikacin, gentamicin, tobramycin                                          
  *Providencia rettgeri*           1                           Piperacillin/tazobactam                                                                         
  *Klebsiella pneumoniae*          3                           Tigecycline, colistin, trimethoprim/sulfamethoxazole                                            
  *Enterobacter cloacae*           3                           Ertapenem, imipenem, meropenem amikacin                                                         
                                   39                                                                                                                          

TKA=Total knee Arthroplasty

![Temporal and microbiological profile of septic revisions](IJOrtho-53-282-g004){#F4}

Discussion {#sec1-4}
==========

Increasing longevity and extending the indications of TKA to young patients might lead to an increased need for RTKA procedures. Analysis of administrative health data from the developed Western countries[@ref5][@ref6][@ref19][@ref20][@ref21][@ref22] predicts that the overall revision hip replacement and RTKA procedures performed would increase by 137% and 601%, from 2005 to 2030, respectively.[@ref5] Labek *et al*. studied cumulative results from worldwide joint register dataset and brought out a revision rate of TKA as 6.45% at 5 years of followup and 12.9% at 10 years.[@ref23] Collective socioeconomic impact of revision joint replacement needs to be scrutinized. This study endeavored to describe the burden of revision knee surgery at a single center in a developing country and to compare it with the current literature from the developed and developing countries \[[Table 2](#T2){ref-type="table"}\].

###### 

Summary of recent published literature from developed and developing countries including public health data

  Studies (institutional studies)                                   Years of operation   *n*\*   *n*^\#^   Percentage^+^   Early revisions^\$^ (%)   Infection (%)   Aseptic loosening and poly wear (%)   Instability (%)   Stiff knee (%)   Fracture (%)
  ----------------------------------------------------------------- -------------------- ------- --------- --------------- ------------------------- --------------- ------------------------------------- ----------------- ---------------- --------------
  **Developed countries**                                                                                                                                                                                                                     
                                                                                                                                                                                                                                              
  Sharkey *et al*.[@ref3]                                           2003-2012            781     10,003    7.8             38                        27              40                                    8                 5                5
  Le *et al*.[@ref8]                                                2001-2011            253     NA        NA              46                        24              14                                    26                18               2
  Thiele *et al*.[@ref24]                                           2005-2010            358     NA        NA              46                        15              22                                    22                NA               NA
  Schroer *et al*.[@ref13]                                          2010-2011            844     NA        NA              35                        16              31                                    19                7                NA
  Dalury *et al*.[@ref11]                                           2000-2012            820     NA        NA              49                        18              23                                    18                9                NA
  Callies *et al*.[@ref10]                                          2001-2010            1449    NA        NA              14                        32              24                                    7                 5                3
                                                                                                                                                                                                                                              
  **Developing countries**                                                                                                                                                                                                                    
                                                                                                                                                                                                                                              
  Motififard *et al*.[@ref18]                                       2011-2013            24      353       6.8             7                         44              9                                     1                 1                NA
  Koh *et al*.[@ref17]                                              2008-2012            643     20,234    3.2             0                         38              33                                    7                 3                2
  Kasahara *et al*.[@ref15]                                         2006-2011            140     4047      3.4             NA                        24              40                                    9                 NA               4
  Kim *et al*.[@ref16]                                              1992-2012            256     11,816    2.1             NA                        25              45                                    16                3                3
  Hossain *et al*.[@ref14]                                          1999-2008            349     NA        NA              32                        33              28                                    NA                NA               NA
  Our study (India)                                                 2011-2015            201     5068      4.0             48                        61              18                                    7                 3                5
                                                                                                                                                                                                                                              
  **Public health data**                                                                                                                                                                                                                      
                                                                                                                                                                                                                                              
  Bozic *et al*.[@ref25]                                            2005-2010            NA      NA        NA              NA                        25              16                                    10                NA               2
  Swedish Knee Arthroplasty Register annual report (2011)[@ref26]   2002-2011            NA      NA        NA              NA                        27              22                                    12                NA               2
  Bhandari (US health data)[@ref4]                                  2010                 NA      NA        NA              NA                        40              13                                    20                11               NA

\*Total revision TKA performed, ^\#^Total number of TKA performed in the same duration, ^+^Revision workload percentage, ^\$^Revisions done within 2 years of index procedure. TKA=Total knee arthroplasty, NA=Not available

From 2011--2016, first-time RTKA procedures were 4% of the total TKA workload, which is in accordance with the rates (2%--7%) from a few studies from developing countries.[@ref14][@ref15][@ref16][@ref17][@ref18] However, it was less than the volume of revision workload documented by Rothman Institute (7.8%; 2003--2012) in their recent publication.[@ref3] In developed Western countries, the rate of early revisions (within 2 years from the index surgery) has decreased (30%--50%).[@ref3][@ref10][@ref11][@ref12][@ref13][@ref24] In contrast, most of the RTKA procedures performed at our center were early revisions (48%). It seems that we are yet to experience large volumes of wear-related late-aseptic failures, which have already echoed as a prime reason for revisions in developed countries.

Prosthetic infection, aseptic loosening, and instability were the three main causes of RTKA. In recent literature from developed Western countries,[@ref10][@ref11][@ref12][@ref13][@ref24] aseptic loosening is the main cause of RTKA, whereas infection was the predominant cause of RTKA in our study; 61% of cases underwent revisions due to prosthetic infections. This finding is consistent with the high revision rates due to prosthetic infections observed in the published literature from Korea[@ref17] and the Middle East.[@ref14][@ref18] Recent US health data published by Bhandari *et al*.[@ref4] revealed that infection was the cause of RTKA in 40% of the cases. In the present study, early, midterm, and late revisions were essentially due to prosthetic infections. This is a remarkably high incidence considering that at similar single centers data the incidence was 27% (Rothman Institute[@ref3]), 15%,[@ref24] 18%,[@ref11] and 16%.[@ref13] Incidence of prosthetic infection after primary TKA is multifactorial and different predisposing factors have to be considered depending on early or late presentation of prosthetic infection. Quality of primary TKA care, which includes preoperative patient optimization, multispecialty perioperative management, and modern surgical facility with standardized protocols, plays a crucial role in avoiding early infections. Compromise in any of the aforesaid factors might result in prosthetic infections. Conferring the literature from the Western countries, Gram-positive organisms remain the predominant cause of prosthetic infections. However, in our study, of the positive cultures (47%), 67% were Gram-negative and only 33% were Gram-positive. The offending organism could not be identified (as they may have been fastidious and of low virulence) in 53% of cases. On the basis of the trend from 2011 to 2016, there has been a steady rise in delayed and late prosthetic infections caused by low-virulence Gram-negative organisms. Gram-negative infections are generally hospital-acquired and could be due to a breach in sterility at any stage of care. This is a preventable cause of periprosthetic infection and practicing safe care delivery can dramatically reduce its incidence. This finding highlights the need to review the institutional prophylactic antibiotic protocols, including the use of antibiotic cements while performing primary arthroplasties and empirical extended-spectrum antibiotic use while managing septic revisions. The study observed a high rate of negative periprosthetic cultures (53%) in patients diagnosed with prosthetic joint infection based on MSIS criteria. Sixty percent patients who underwent RTKA at our institute were referred from other centers and in many cases, patients had already been exposed to multiple antibiotics before receiving definitive surgical treatment; this could have contributed to negative periprosthetic culture rates. Intraoperatively, in all cases, five samples from different regions of the knee were sent for microbiological testing. At our institute, conventional sampling and tissue culture techniques were used. Recently available advanced techniques such as sonification of retrieved prosthesis, specialized culture media, extended periods of culture, and polymerase chain reaction techniques to isolate and identify bacterial genome were not used. Using conventional microbiological techniques, the detection rate of tissue culture, as reported, in cases of septic revisions has been 55%--70%.[@ref27] However, newer techniques now can yield a positivity rate of 80%--100%.[@ref28] It is imperative to adopt newer standardized microbiological techniques to improve positive culture and guide treatment. Low virulence and drug resistance of these hospital-acquired infections may also be a cause of delayed and late presentation of prosthetic infections, and thus remains the main cause of revisions even in midterm-failure (2--10 years) and late-failure (\>10 years) groups. We managed all prosthetic joint infections with two-stage revision. In culture negative infections, we had to use the broad-spectrum antibiotic cover for 6 weeks followed by an antibiotic free period of 2 weeks. Following this, patients were again evaluated (MSIS criteria) to rule out infection before taking up for implantation of the prosthesis. In some cases, we also had to perform repeated debridement and exchange of spacers to render the joints infection-free.

Aseptic loosening, which is a failure of prosthesis and implant interface, was the second common cause of RTKA (18%) in the present study. Although recent studies coming out of some countries show aseptic loosening as the main cause of RTKA (20%--40%),[@ref10][@ref11][@ref12][@ref13][@ref24] large population-based public health data from developed nations[@ref7][@ref20][@ref21][@ref27][@ref29][@ref30] still maintain aseptic loosening as the second most common cause of revisions after prosthetic infections, which is consistent with the findings of our study. We observed PE wear-related aseptic loosening only in 16 cases, which were equally distributed among midterm-failure (2--10 years) and late-failure (\>10 years) groups. Bearing surface wear is multifactorial; it depends on the quality of bearing surface, patient\'s activity level, patient\'s weight, and limb alignment. Bearing surface wear is generally observed in late-aseptic failures; however, half of the aseptic failures in our study were observed in early and midterm failures (17/35 cases). Articular surface wear was not observed in the midterm-failure group; however, considerable tilting of the tibial (8 cases) and femoral (3 cases) components was observed in addition to subchondral collapse and failure of the supporting bone. Debonding of cement from the prosthetic component was observed on the tibial side in the early-failure group (2 cases). We analyzed the postoperative full weight-bearing standing hip to ankle plain radiographs of these patients and observed that their limbs were in a 3°--7° of varus alignment. Furthermore, these patients were obese (BMI \>30). Poor limb alignment and obesity coupled with dubious cementing technique may have contributed to these midterm-aseptic failures. In the late-failure group (18 cases), all cases experienced PE-wear particle induced synovial reaction and osteolysis, which led to aseptic loosening. However, PE-wear rates were very low (9%) and were consistent with those published in recent reports from the Western countries. Low PE-wear could be due to the improvement in contemporary bearing surface characteristics.[@ref3] Seven of these 18 cases received constrained inserts.

The third most common cause of RTKA observed in our study was instability (7%); this finding is consistent with the data provided by the Rothman Institute (7.5%).[@ref3] According to the recent literature and public health data \[[Table 2](#T2){ref-type="table"}\], instability remains the cause of revisions in 8%--26% of the cases. According to the temporal profile of causes of failure, the cases were well-distributed in early, midterm, and late-failure groups. Most cases (8/15) were observed in the early-failure group. The posterior cruciate failed in 4 cases of TKA with cruciate-retaining insert leading to instability. In the remaining 4 cases, improper balancing might have resulted in instability. The remaining cases of instability were observed in the midterm-failure (3 cases) and late-failure (4 cases) groups. In the midterm-failure group, two of the 3 cases received a constrained insert and wear at the stabilizing post was observed in addition to varus-valgus instability. In all cases of late instability, considerable PE-wear was observed in addition to the damage to the stabilizing post of the articular insert.

Periprosthetic fracture accounted for revision in 10 patients (5%); this finding is consistent with the Rothman Institute data (4.7%). Four of the nine-supracondylar femur fractures occurred due to considerable anterior femoral cortex notching (\>10% of the width of the distal femur as seen in plain lateral radiograph at the upper border of the femoral implant) and remaining five fractures occurred in patients with rheumatoid disease and poor bone stock. The only case of proximal tibial fracture occurred in a patient with rheumatoid disease at the tibial keel tip.

Stiff knee (movement range \<15°--90°, where it was better preoperatively) was the cause of revision in 6 patients (3%). However, the specific cause of stiffness could not be ascertained. It could have been due to poor rehabilitation leading to arthrofibrosis. One patient complained instability and gradually developed stiff knee, due to repeated synovitis. Three patients improved after extensive arthrolysis, capsular releases, and insert change. In the other three cases, implant revision and extensive soft tissue releases were performed, the deficient bone was treated using a stemmed implant and a constrained insert.

Patellar clunk was the cause of revision in six cases. In three cases, fat pad and excessive synovial tissue around patella were excised and secondary resurfacing of the patella was done. In two cases, the patella had already been resurfaced; therefore, only synovial tissue excision was performed along with lateral facetectomy. Only one patient underwent secondary patellar resurfacing for painful crepitus. Two patients had quadriceps tendon failure; one patient had avascular necrosis of the patella with complete fragmentation and resorption over 2-year postoperative period and the other had a neglected patellar tendon avulsion from the lower pole of patella after a fall at home. Only two cases of metallosis were observed after wear and breakage of the post of the constrained articular insert at long term followup (\>10 years). Two symptomatic unicondylar knees were revised to total knee implant due to persistent activity related pain.

The study has a few limitations. Our center is a specialized tertiary care referral center for arthroplasty; therefore, we received patients from all over the country, and in many cases, primary TKA was performed elsewhere, thus precluding the exact calculation of incidence of RTKA. The study only shows the volume of revision surgery at one center. In the absence of a national registry, such data are valuable in planning strategies for improving arthroplasty practices in our country. We did not review the outcomes of these revisions in this study; however, we plan to evaluate and to present these outcomes in our future studies. Major strength of our study is that it involved a dedicated research team, which interacted with the surgical team conducting the revisions, and therefore, the causes of revisions recorded are likely to be accurate and reliable.

Prosthetic infection remains the predominant cause of RTKA procedures performed between 2011 and 2016 in our center. Aseptic loosening and instability are a distant second and third cause for revision, respectively. There has been a significant increase in delayed and late-septic revisions caused by low-virulence organisms, predominantly Gram-negative. Due to the nature of the offending organism (fastidious Gram-negative organisms), most septic revisions required multiple surgical procedures, which has a tremendous socioeconomic impact. We need to utilize our resources and expertise in controlling prosthetic infections. We not only need to practice a multipronged approach to abate infections but also need to create adequate infrastructure and proficiency to satisfy the increasing need for RTKA in our population. We need to closely monitor the probable increase in aseptic revisions, which are likely to occur with increasing age of the patients.
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